Abstract Non-Hispanic blacks represent 13 % of the U.S.-born population but account for 37 % of tuberculosis (TB) cases reported in U.S.-born persons. Few studies have explored whether this disparity is associated with differences in TB-related knowledge and attitudes. Interviews were conducted with U.S.-born, non-Hispanic blacks and whites diagnosed with TB from August 2009 to December 2010 in cities and states that accounted for 27 % of all TB cases diagnosed in these racial groups in the U.S. during that time period. Of 477 participants, 368 (77 %) were nonHispanic black and 109 (23 %) were non-Hispanic white. Blacks had significantly less knowledge and more misconceptions about TB transmission and latent TB infection than whites. Most TB patients in both groups recalled being given TB information; having received such information was strongly correlated with TB knowledge. Providing information to U.S.-born TB patients significantly increased their knowledge and understanding of TB. More focused efforts are needed to provide TB information to U.S.-born black TB patients.
Introduction
In the United States (U.S.), tuberculosis (TB) rates among U.S.-born persons decreased by 81 % from 1993 to 2012 [1] . Despite this success, certain populations remain disproportionately affected by TB. Non-Hispanic black persons represent 13 % of the U.S.-born population, yet account for 37 % of U.S.-born TB cases [2, 3] . Among U.S.-born racial and ethnic groups, the greatest racial disparity is among non-Hispanic blacks, whose TB rate in 2012 was six times higher than the rate for non-Hispanic whites [1, 3] . While this disparity is well documented in the literature [3] [4] [5] , few studies to date have explored clinical, physiological, or cultural factors related to this disparity [6] [7] [8] [9] [10] .
Knowledge constitutes one key factor integral to changing a person's behaviors [11] [12] [13] [14] . Increasing understanding about latent TB infection (LTBI) and TB disease has been associated with healthy behaviors and more favorable outcomes for patients, including greater adherence to and completion of treatment for LTBI or TB [12, [15] [16] [17] [18] [19] . Studies have examined TB knowledge, attitudes, and behaviors (KAB) among the general U.S. population [12, 20, 21] , and assessed TB knowledge for specific groups in the U.S. who are at high risk for TB, including foreign-born persons, drug and alcohol users, homeless persons and persons with LTBI [11, [15] [16] [17] [22] [23] [24] [25] [26] [27] [28] . No published research has measured TB KAB or assessed differences in TB knowledge between U.S.-born blacks and whites with TB. This analysis describes TB KAB of U.S.-born TB patients enrolled in a large, multi-site study and explores differences between black and white racial groups.
Methods

Participants
The Division of TB Elimination (DTBE) at the Centers for Disease Control and Prevention (CDC) funded the Tuberculosis Epidemiologic Studies Consortium (TBESC) to conduct epidemiologic, economic, operational, and behavioral studies related to TB; each of the 20 U.S. sites consisted of an academic or nonprofit organization linked to a local or state health department [29] . The main purpose of this study was to assess determinants of early diagnosis, prevention and treatment of TB between U.S.-born black and whites. Seven TBESC sites and three collaborating TB programs conducted this retrospective cohort study in locations that accounted for 36.8 % of TB cases among U.S.-born blacks and 15.8 % of cases among U.S.-born whites reported to the CDC's National Tuberculosis Surveillance System (NTBSS) during the enrollment period. The sites recruited recently diagnosed TB patients from health departments in the cities of Dallas, Houston, Philadelphia, New York, and Washington DC; the states of Maryland, New Jersey, North Carolina and Virginia; and urban jurisdictions within the states of Georgia and Tennessee. To be eligible to participate in the study, an individual had to be (1) diagnosed with a case of TB that met CDC reporting requirements [1] , (2) U.S.-born, (3) nonHispanic, (4) black, white, or a combination that included either race, (5) at least 15 years old at TB diagnosis, and (6) reported to the local health department from August 16, 2009 through December 31, 2010. Participants were enrolled sequentially from December 16, 2009 to March 31, 2011. Demographic and clinical characteristics of the final sample population were compared with those of cases in the NTBSS in the relevant catchment areas to assess representativeness. The study was approved by the CDC Institutional Review Board (IRB) and local IRBs. All participants provided written informed consent.
Data Collection and Variables
Data was collected through face-to-face interviews using a standardized questionnaire that asked about the TB diagnosis, care-seeking behaviors, medical and social history, and TB knowledge and attitudes. The TB knowledge portion of the questionnaire consisted of questions to assess participants' knowledge about transmission, testing, and treatment for TB and LTBI. To assess how much TB education participants received from providers, participants were asked whether a doctor, nurse, or other health care provider discussed with them ''what the TB medicines are for,'' ''how people get TB,'' and ''how to keep family and friends from getting TB.'' Participants were also asked whether they had received enough information about TB or whether they would like more. The questionnaire also measured participants' attitudes about TB, including perceptions of stigma, social norms, prioritization of treatment, perceived risk, and self-efficacy; these questions were measured on a four-point Likert scale, with 1 representing ''Strongly disagree'' and 4 representing ''Strongly agree''.
For this analysis, we included responses to all questions on TB knowledge, attitudes and beliefs; recall of TB education by a provider; receipt of information about TB; and data on race, age, gender, education, employment status at time of interview, homelessness at time of interview, excessive alcohol use since the time of TB diagnosis, non-medical drug use since the time of TB diagnosis, history of incarceration, presence of a chronic illness, history of HIV/AIDS, history of TB disease, insurance status at time of interview, recall of TB education by a provider, and receipt of information about TB.
A knowledge score was created for each participant by summing correct responses to the individual knowledge questions; the maximum score was nine. Participants who responded that they did not know the answer were considered to have answered the question incorrectly. For each attitudinal item, the mean Likert score and standard deviation were calculated. For questions regarding the recall of TB education by a provider and the amount of TB information obtained, participants who responded ''don't know'' were considered to either have not discussed the topic with a provider or not received enough TB information.
Participants were categorized as racially black or white; a participant was considered black if the participant reported being black, African-American, black and white, or black and another race. Excessive alcohol use was defined as having five or more drinks on one occasion. Participants were classified as having a chronic illness if they reported ever being told by a doctor that they had diabetes, high blood pressure, asthma, heart problems, chronic obstructive pulmonary disease, or kidney problems.
Analysis
Differences between blacks and whites were assessed using two-sided chi-square tests for categorical variables and t-tests for continuous measures. The correlation matrix for all attitudinal items was examined, but due to low correlations, factor analysis could not be performed.
ANOVA was used to test the difference in mean knowledge scores by site. Since knowledge scores were normally distributed, bivariate and multivariate linear regression models examined associations between knowledge score and participant characteristics, recall of TB education, and the desire for more TB information. All variables with P value \0.15 were included in a multivariable regression analysis using backwards elimination. Multiplicative interaction terms were explored between race and other covariates in the final multivariable model.
All analyses were conducted in SAS, Version 9.2 (SAS, INC, Cary, NC).
Results
Based on surveillance data, 1,016 persons were potentially eligible for enrollment during the study period; 128 died before they could be interviewed, leaving 888 who could be approached for recruitment. Of these, 172 were ineligible (moved out of the jurisdiction, reported they were Hispanic or foreign-born, had a non-TB infection, or were incapable of providing consent); 120 refused; 62 could not be located or could not complete interviews after multiple tries; 57 did not complete recruitment; and 477 were successfully recruited (Fig. 1) . Each site contributed 6-18 % to the study population.
Of the 477 participants who were interviewed (53.7 % of those who could be approached for recruitment), 368 (77.1 %) were black and 109 (22.9 %) were white ( Table 1 ). The ratio of blacks to whites was 3:1, which was similar to the racial distribution of TB cases reported from the study catchment areas during the enrollment period. The mean age was 49.9 years and 324 (67.9 %) were male. The mean time between TB diagnosis and interview was 4 months (SD = 2; range 0-24). Blacks were younger, more likely to be unemployed, to have HIV/AIDS, and to report a history of incarceration than whites. Whites were more likely to have completed high school. The mean knowledge score in the study population was 5.5 out of 9 (61.1 %; Table 2 ). Twenty participants (4.2 %) answered all knowledge questions correctly, and three participants responded ''don't know'' to all knowledge questions. The mean knowledge score did not differ significantly by site (P = 0.12; data not shown). Over 80 % of participants knew that a person could have TB germs in his/her body and not feel sick, that TB germs could be spread from person to person through the air, and that most cases of TB could be cured by taking medicines. Almost three quarters of participants incorrectly thought people with LTBI were contagious and that sharing dishes, bottles, or a toothbrush with someone who has TB increases a person's risk of getting TB (Table 2) . Whites had significantly higher overall knowledge scores than blacks. Blacks were more likely than whites to know that medicines are available to prevent a person from getting TB.
Recall of TB Education by a Provider
High proportions of participants reported that providers discussed the purpose of TB medicines (78.8 %), how people get TB (75.9 %), and how to avoid spreading TB (69.0 %). Participants who reported discussing these items with providers were significantly more likely to correctly answer the corresponding TB knowledge items (Table 3) .
Overall, 63 % of participants stated that they received enough information about TB (data not shown). While whites were more likely than blacks to say that they had enough TB information (P = 0.001), the mean knowledge score did not differ significantly between those who stated they had enough information and those who desired more; this relationship did not differ by race. Participants who reported discussing the purpose of TB medicines with a provider were significantly more likely to report that they received enough TB information compared to those who reported that they did not discuss TB medicines with a provider (P = 0.001; data not shown). This association was seen among both whites (P = 0.031) and blacks (P = 0.004).
Factors Predicting Knowledge
In multivariable linear regression, a higher knowledge score was associated with white race, younger age, completion of high school, and recall that a provider discussed both what TB medicines were for and how people get TB (data not shown). For race, the adjusted model changed the coefficient from -0.56 to -0.75, a 33.9 % increase in effect. Translating the coefficients into an effect on the knowledge score and holding all other variables constant, white race was associated with an 18.8 % higher knowledge score. For example, a white 50 year old who did not complete high school and did not recall discussing with a provider what TB medicines were for or how people get TB has a predicted knowledge score of 4.74, compared to a score of 3.99 for a black person with the same characteristics. Interaction terms between race and the other covariates were examined; no interaction terms were significantly associated with knowledge.
Attitudes
Black and white participants had similar responses on 12 of the 18 attitudinal items (Table 4) . Whites were more likely than blacks to agree that doctors were correct when diagnosing TB, that TB medicines can cause health problems, and that having TB will greatly affect their lives. Blacks were more likely than whites to agree that they would stop taking TB medications if the medications made them feel sick and that they know better than the doctor when it's time to stop taking medicine. Whites were more likely than blacks to agree that people get TB because they have bad luck. Participants of both races did not feel strongly stigmatized by TB, reporting that they would feel only ''a little embarrassed'' to tell people they had TB (Table 4) .
Discussion
The influence of knowledge on changing a person's behaviors is well recognized; in particular, increasing TB knowledge has been associated with healthy behaviors and more favorable outcomes for TB patients [11] [12] [13] [14] [15] [16] [17] [18] [19] . This is the first study that compared TB knowledge and attitudes Table 3 Association between correct responses to specific TB knowledge questions and recall of TB education by a provider between U.S.-born black and white TB patients. Overall, patients had good understanding of airborne TB transmission and the availability of curative treatment for TB ([85 % correct), particularly when compared with a representative U.S. population (\45 % correct) and TB patients in other countries [19, 21, 30] . However, substantial misconceptions remained about the difference between TB and LTBI, TB transmission by casual contact, and the availability of effective treatment for LTBI. Even after controlling for other factors, blacks had significantly less knowledge and more misconceptions about TB and LTBI than whites; this has important implications for addressing the TB disparity in U.S.-born blacks. Explaining the difference between infectious TB and noninfectious LTBI is extremely challenging, perhaps partly because of successful public health campaigns about other infectious diseases, such as HIV, that can be transmitted by asymptomatic persons. Similarly, well-publicized recommendations to avoid casual contact in order to prevent infectious diseases such as intestinal disorders may have contributed to the widespread misconception that TB is also spread by sharing dishes and other casual contact [31] . Documentation of this confusion appears repeatedly in the literature from studies of TB patients, persons with LTBI, and among both U.S.-born and foreign-born populations [17, 19, 23, 27, 30, [32] [33] [34] . This study suggests that an important factor in improving TB knowledge is simply providing an opportunity for patients to discuss TB-related topics with providers. A majority of participants recalled discussing TB-related topics with a provider, and those participants were more likely to correctly answer the corresponding TB knowledge questions. Moreover, participants who recalled talking about TB with a provider were more likely to report that they had enough TB information. The high percentages of TB patients in this study who understood that TB is transmitted through the air and is curable could be the result of discussions with providers; doctors and nurses could focus conversations on less wellunderstood topics to clear up misconceptions in these areas. This is not the first study to show that simple interactions with patients can have beneficial effects in promoting knowledge and/or healthy behaviors. A New York City study involving 614 close contacts of TB patients found that TB program staff could significantly increase acceptance of HIV counseling, testing, and referral by simply asking participants about HIV status and offering the test to those who did not know their status [35] .
Black TB patients in this study had less knowledge and more misconceptions about TB than whites. An important demographic difference between the two groups was education: more than three-quarters of whites had at least a high school education, compared to \60 % of blacks. Other studies have found that less formal education is associated with poorer understanding of TB [11, 21] . In this study, blacks were more likely to say that they did not have enough information about TB. Asking whether the person wants more information is a simple way to identify persons who could benefit from more discussion, and is an easy entry to a more focused conversation.
Studies among foreign-born persons found that participants reported feeling stigmatized because of their TB diagnosis [11, 33, 36] . A previous study of TB patients in North Carolina found significant social isolation [23] . However, our study did not find strong feelings of stigma among U.S.-born whites or blacks; most were not or only a little embarrassed by their TB diagnosis and felt they could talk to others about TB. This may reflect changes over time in attitudes towards TB. Timing of the interview may also have had an effect: our patients were interviewed relatively late in their treatment, and previous research has reported significant improvement in mental health and social functioning in TB patients over time. [37, 38] . The low level of stigma may provide an opportunity for providers to talk with patients about TB, and patients in turn may educate close friends and family about TB.
Generalizability of study conclusions could be limited by the high proportion of persons who refused or could not be recruited for other reasons. However, using data routinely collected on all TB cases reported to NTBSS, we found no differences in demographic and clinical variables (age, gender, race, HIV status, site of TB disease, and presence of pulmonary cavities on radiographs) between study participants and all U.S.-born non-Hispanic persons diagnosed with TB in the study catchment areas during the enrollment period. Another potential limitation is that the study population was a regional, not a national, sample. However, the jurisdictions involved accounted for more than one-fourth of all TB cases diagnosed among U.S.-born non-Hispanic persons during the enrollment period, and more than a third of all TB cases diagnosed among U.S.-born non-Hispanic blacks. Moreover, except for the higher proportion of blacks in the study jurisdictions-an intentional feature of the study design-NTBSS data showed that participants were also demographically and clinically similar to the entire national population of U.S.-born blacks and whites diagnosed with TB during the study period. This suggests that the study findings can be generalized to the national population of U.S.-born, non-Hispanic blacks and whites with TB.
It remains possible that persons not included in this study had different knowledge or attitudes about TB compared to study participants. Potential participants were told they would be asked about their diagnosis, and their health and social history, but were not told specific questions before enrollment. We have no reason to believe that potential participants would avoid the study due to concerns about specific questions. If knowledge influenced the decision to participate, it is most likely that persons with the least knowledge would be less likely to participate. In that case our findings may overstate the level of knowledge among TB patients. On the other hand, our findings may understate the feelings of stigma if those who felt strongly stigmatized evaded contact or were more likely to refuse participation.
Conclusions
Education is a continuous process, requiring repetition, trust, and different approaches to transmitting information [15] . This study shows that a majority of participants recall being given information on TB transmission, treatment, and protection of family and friends, and that participants who reported discussing TB medicines and TB transmission with a provider were more likely to correctly answer questions about these topics. Yet TB patients lacked an understanding about important differences between TB and LTBI as well as TB transmission and diagnosis, which are key issues for TB prevention and elimination in the U.S. Since providers were effective in relaying some information to recently diagnosed patients, continuing this educational process after diagnosis and increasing focus on topics that are less well understood may improve TB knowledge in this population. At a time of reduced funding and resources at all levels of public health programs [39] , it is imperative that the information shared with patients is presented as effectively and accurately as possible. While improving TB knowledge may not eliminate the existing TB disparity between blacks and whites, understanding the role knowledge may play and what influences knowledge will allow us to better tailor messages and education to the populations who need it most.
